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Abstract 
 
Polyphenoloxidase and peroxidase enzymes were extracted and the isozyme banding pattern was studied in 
twelve south Indian tea clones of Camellia species conserved an ex situ gene bank. Banding pattern exhibited 
variations at inter specific and clonal level. A maximum of 6 isozymes were observed for polyphenol oxidase 
in UPASI 2 clone and a minimum of 3 in the clone BSS 1. Peroxidase isozyme exhibited two bands in all the 
clones with variation in its mobility (Rf). Isozyme profile of polyphenol oxidase and peroxidise in few clones 
have shown unique pattern not detected in others. The isozyme profile of PPO indicates that the clones of the 
respective Camellia species are more similar than those of the other species. In the present study, isozyme 
banding pattern was compared among the Camellia species to understand the existing inter and intra clonal 
relationship. 
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Introduction 
 
 Enzymes with the same catalytic activity but with different molecular forms are known as isozymes. In 
tea, enzymes which are involved in oxidation of phenolic compounds to brown pigments are of considerable 
importance in black tea production. Polyphenoloxidase (PPO) is one such enzyme and has been shown to exist 
in multiple and interconvertible forms. Peroxidase (PO) is a ubiquitous plant enzyme that catalyzes the 
oxidation of cellular components by either H2O2 or organic hydroperoxides. Roberts (1963)1 suggested that 
theaflavins and thearubigins in black tea are formed by the reactions of flavan-3ols through o-quinones 
generated by polyphenoloxidase (PPO) and peroxidase (PO). Takeo and Kato (1971)2 first reported different 
forms of PO. Enzymatic browning, the fermentability of tea cultivar, differs among clones and can be attributed 
to variations in phenolic contents and enzyme activities which influence the rate of reaction during mechanical 
maceration3. PPO and PO activities of tea clones were correlated with their black tea quality parameters and 
established a model for prediction of quality parameters of black tea from freshly plucked leaves4.  Marimuthu 
and Muraleedharan (2004)5 reported that biochemical constituents such as proteins, carbohydrates, amino acids, 
lipids, vitamins, minerals, alkaloids and polyphenols determine the commercial tea quality. Protein 
electrophoresis has been used over many decades to detect the genetic polymorphism of allozymes, sometimes 
also called isozymes6. In tea, isozymes have been successfully used for cultivar identification7, crop 
improvement programme8 and diversity studies9. Recently, Otaghvari et al., (2010)10 reported the use of 
isozyme banding pattern for identification of tea clones. Therefore, isozyme studies are considered as an 
effective tool for evaluating genetic relationships among the species and cultivars and the data are easier to 
obtain. In the present study, an attempt was made to study the variations in isozyme banding pattern of twelve 
south Indian tea clones to understand the relationship at the species level.  
 
Materials and methods 
 
 Leaf material comprising of two leaves and a terminal bud was sampled from tea clones grown at 
UPASI-TRF (United Planters Association of Southern India-Tea Research Foundation) experimental farm, 
Nirar dam, Valparai, Tamil Nadu, India. Isozymes of PPO and PO from 3 clones (UPASI-2, UPASI-3, Assam 
Seedling ) of Camellia assamica, 4 clones (UPASI-9, UPASI-10, TRF-2, SA-6) of C. sinensis and 5 clones 
(UPASI-17, TRF-1, CR-6017, BSS-1, TRI-2025) of C. assamica sub sp. lasiocalyx were studied. All procedures 
were performed at 4oC unless otherwise stated. Enzymes were extracted using 0.1 M phosphate buffer (pH 7.2) 
with 6.6% polyvinylpyrrolidone and beta β-mercaptoethanol (2 µl/5ml) and centrifuged at 12000 rpm for 15 
minutes. The supernatant obtained was filtered through Sephadex G 25 column to remove low molecular weight 
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compounds, especially polyphenol. The eluted protein fraction was subjected to (NH4)2SO4 precipitation with 
70-100% saturation, centrifuged at 12000 rpm for 15 minutes; pellet was resuspended in phosphate buffer then 
used as enzyme source. The activity of PPO and PO were estimated as per the method of Sarvesh and Reddy 
(1988)11 and Malik and Singh (1980) 12 respectively. Individually, PPO and PO isozymes were separated in non-
denaturing polyacrylamide gel electrophoresis as described by Laemli (1970)13. Gels were stained with 0.001M 
catechol prepared in 0.01M phosphate buffer (pH 6.0) containing 0.01 % w/v SDS (sodium dodecyl sulphate), 
0.005 M dopa (L-3,4-dihydroxyphenylalanin) and 0.1 % (v/v) catalase for PPO and in 0.5% benzidine solution 
containing ethanol (0.5% v/v) and acetic acid (5% v/v) for PO. Rf value for each band was calculated using a 
formula Rf = distance (cm) travelled by tracking dye / distance (cm) travelled by enzyme. Based on Rf value 
graphic illustration was prepared. 
Results 
 
 The native Poly Acrylamide Gel Electrophoretic (PAGE) analysis revealed the presence of isozymes in 
PPO and PO, their banding pattern and variations in its quality and quantity among tea clones. The existence of 
these isozyme forms have been exhibited in the photomicrograph of enzyme stained native gels and graphical 
illustration (Fig 1). Among the tea clones studied PPO exhibited a range of 3 – 6 bands with the Rf value from 
1.1 to 5. Camellia assamica clone UPASI 2 has shown 6 PPO isozymes bands as highest in the clones 
investigated and UPASI 3 and Assam seedling exhibited each 4 bands. Clones of C. sinensis UPASI 9, and TRF 
2 exhibited 4 bands each and 5 bands were observed in UPASI 10 and SA 6 clones. In Cambod type tea (C. 
assamica sub sp. lasiocalyx), BSS 1 has shown the lowest (3) number of PPO bands in the clones studied, 4 in 
CR 6017, UPASI 17 and TRF 1 clones and 5 was observed in TRI 2025. Inter specific polymorphic band for 
PPO isozymes was observed in UPASI 2, UPASI-9, UPASI-10, SA-6, UPASI-17, TRF-1 and TRI-2025 clones 
at Rf value 5, 3.9, 1.9, 1.2, 3.6, 3.4 and 1.3 respectively. Similarly, UPASI 2, UPASI-3, UPASI-10, SA-6, CR-
6017, TRF-1 and TRI-2025 clones have exhibited polymorphic bands for PO isozymes at Rf value 6.2, 4.7, 4.6, 
5.1, 2.6, 4.4 and 2.4 respectively. UPASI-2 has shown an intra specific polymorphic band at Rf = 1.1. In the 
clone UPASI 9 of C. sinensis PPO isozyme bands between Rf value 2 and 3 were not observed which are 
polymorphic. Results indicate that UPASI-3, TRF-2, CR-6017, BSS-1 clones and Assam seedling have not 
shown any unique polymorphic isozyme band for PPO. In all the clones studied 2 forms of isozyme for PO were 
observed with the Rf value range between 6.2 and 1.2. The mobility (Rf) of isozyme band of peroxidise studied 
have shown unique (polymorphic) Rf value except in UPASI-9, TRF-2, UPASI-17, BSS-1 clones and Assam 
seedling (Fig 1). The clone CR-6017 and TRI-2025 have shown unique polymorphic PO isozyme banding 
pattern that are not observed in others. 
Discussion 
 Isozymes are the enzymes that differ in molecular forms in which proteins may exist with the same 
enzymatic specificity14. Different variants on the same enzymes have identical or similar functions and are 
present in the same individual. They are generally made up of a number of subunits and the varying 
combinations of the subunits gives rise to different forms of isozymes. Randall and William (1986) 15 reported 
five different forms of PPO from variety of food and plant sources using PAGE. In the present study, 3-6 
isozyme bands of PPO were observed among twelve clones of Camellia species using enzyme staining 
techniques. Subramanian et al., (1999) 16 reported three isozymes of PPO from tea leaves. Aniszewski et al., 
(2008)17 mentioned that PPOs reveal a range of forms and occur in all plants and crops. This supports our 
finding that like any other plants tea clones could have different forms of isozymes with variation in its mobility 
(Rf). Halder et al. (1998) 18 also reported the presence of three isoenzymes of PPO in tea leaf and purified one 
isoenzyme to homogeneity. The purified enzyme was found to have a molecular weight of 72 Kda. Two forms 
of isozyme peroxidases were prominent in all the tea clones studied with unique Rf value except in few clones. 
Takeo and Kato (1971)2 isolated tea leaf peroxidise and fractionated into six components by DEAE 
(diethylaminoethyl) and CM (carboxy methyl) cellulose column chromatography. Plant peroxidases are divided 
into two types (Welinder, 1992) 19, ascorbate peroxidase, which is from the plant chloroplast and cytosol, is 
distinguished from classical plant peroxidase isoenzymes by significant differences in primary structure. 
Hairong et al., (1987)20 used isozyme variations for cultivar identification in China tea. Among the isozymes, 
polyphenol oxidase and peroxidase are extensively studied in different tea cultivars21, 22. In tea, isozymes have 
proven to be reliable genetic markers in breeding, genetic studies and identification of clones due to consistency 
in their expression and irrespective of environmental factors 9, 10. 
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Conclusion 
 
 Isozyme profile analysis of Camellia tea clones yielded different forms of PPO and PO and 
polymorphic bands at inter and intra specific level. In tea leaf processing, the activity of these oxidative 
enzymes is essential for the formation of black tea pigments, TF and TR, which are responsible for the attributes 
unique to tea. In addition, the isozymes of PPO are also encoded by nuclear genes and transported to thylakoid 
lumen of chloroplasts17. Therefore it is feasible to employ variations in PPO and PO isozymes rather than 
nucleic acids for questions related to quality aspects of tea clones. Based on the isozyme profile of PPO the 
present study confirmed that, the clones of the respective Camellia species are more similar than those of the 
other species. Despite isozyme studies were generally limited to few enzymes with inadequate polymorphism it 
can be combined with morphological, anatomical, biochemical, and DNA based markers for genetic diversity 
and differentiation studies in tea. 
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Fig. 1 Isozymes banding pattern of polyphenol oxidase (PPO) and peroxidase (PO) of tea clones in native PAGE and their schematic 
illustrations based on Rf value. Lanes 1-12 represents tea clones ‘UPASI-2’, ‘UPASI-3’, ‘Assam Seedling’, ‘UPASI-9’, ‘UPASI-10’, ‘TRF-
2’, ‘SA-6’, ‘CR-6017’, ‘UPASI-17’, ‘TRF-1’ ‘TRI-2025’ and ‘BSS-1’. 
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